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This study sheds light on the adsorption process for the removal of nitrate ions from synthetic aqueous 
solutions. This contaminant pose a potential risk to the environment and can cause health effects 
including cancers and methemoglobinemia in infants. When the adsorption process is carried out, the 
effect by the several operating parameters such as initial nitrate concentration, pH, mass of activated 
carbon, and contact time becomes apparent. The essential process variables are optimized using 
response surface methodology (RSM) based on the central composite design (CCD) experiments. For 
this purpose 31 experimental results are required to determine the optimum conditions. The ANOVA 
results obtained from the RSM studies are analyzed using a second-degree polynomial equation. The 
study of the determination of contour plots shows the interactions among the variables of the 
adsorption system. The optimum conditions for the removal of nitrates is found to be: initial nitrate 
concentration = 15 mg/L; initial pH 4.0; mass of activated carbon= 25 mg, and contact time = 70 min. 
At these optimized conditions, the maximum removal of nitrates is found to be 96.59 %. The 
experimental values were in excellent accord with the predicted ones by the proposed RSM models. 
This indicates that the quadratic models can be effectively used to predict the removal efficiency of 
nitrate ions by adsorption process. These low-cost adsorption methods can be effectively adopted for 
the removal of nitrate ions from industrial effluents. 
Keywords: Nitrate removal, Adsorption, Activated carbon, Response Surface Methodology, Central 
Composite Design. 
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The discharge of contaminants is generally provided from industrial, agricultural as well as 
domestic wastewater. Agricultural activity, in particular, threatens the equilibrium of ecosystems by 
releasing a number of pollutants that seep into the aquatic environment (Sanctis et al. 2017; Aguilar 
et al. 2019). Nitrogen compounds, and nitrate ions particularly, are examples of its effluents 
(Mankiewicz-Boczek et al. 2017; Karri et al. 2018). Nitrates are accumulating in the environment 
and their presence in drinking water can cause a harmful effect on human health such as blue-baby 
syndrome in infants and stomach cancer in adults (Wongsanit et al. 2015). Nitrates are not toxic in 
themselves (Su et al. 2016). Under in vivo favourable conditions, however, they may be reduce 
into nitrites and nitroso compounds (nitrosamines and nitrosamides). This can cause gastrointestinal 
cancer, especially gastric cancer in humans (Villanueva et al. 2014; Song et al. 2015; Schullehner et 
al. 2017). In fact, newborns may lack oxygen because nitrites from nitrates oxidize ferrous iron 
(Fe2+) in the hemoglobin to ferric iron (Fe3+), preventing the hemoglobin from playing its crucial 
role in respiratory exchanges (fixation of oxygen in the lungs and release of oxygen to tissues), a 
disease known as methemoglobinaemia, or blue-baby disease (Golie and Upadhyayula 2017; 
Ahmadi et al.2017). In addition to the effects on human health, excessive level of nitrate in water 
can stimulate entrophication in the aquatic environme t, therefore making nitrate removal from 
groundwater important (Li et al. 2017; Zhang et al. 2019). As result, the nitrate concentration limit 
in drinking water required by the World Health Organization (WHO) and the US Environmental 
Protection Agency (EPA) is approximately 10 mg/L (Fu et al. 2014; Uzun and Debik. 2019). 
In order to overcome this issue, several processes for nitrate removal have been used and 
developed, such as reverse osmosis (Luo et al. 2017; Dražević et al. 2017), ion-exchange (Ansari et 
al. 2017), catalytic reduction (Yun et al. 2016; Torre et al. 2016; Garcia-Fernandez et al. 2018), 
electrodialysis (Onorato et al. 2017; Belkada et al. 2018), and biological denitrification (Zhang et al. 
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2014; Lu et al. 2018). However, each of above-mentioned methods presents certain limitations. 
Need to regenerate ion exchange resin make the procss complex and non-economical (Song and Li 
2019). Electrodialysis is not simple due to their sensitive working environments (Pirsaheb et al. 
2016; Riveros et al. 2019). Biological denitrification is  non-economical due to the side reaction and 
additional cost of the chemicals used (Zhang et al. 2019). The excessive consumption of energy, 
make reverse osmosis expensive process (Epsztein et al. 2015; Li et al. 2018). Adsorption is one 
other method that is simple and economically efficient for removing nitrate ions from water, due to 
its ease of handling, availability of a wide range of adsorbents, comfortable repair and maintenance 
(El Mouzdahir et al., 2007; Moreira et al., 2017). During the last years, many researchers have been 
directed to the development of various adsorbents for fast removal of nitrates (Satayeva et al. 2018; 
Fan and Zhang  2018; Gouran- Orimi et al. 2019; El Hanache et al. 2019). Activated carbon has 
been  the extensively used material  for the treatement of contaminated water because it possesses a 
high sorption capacity, and is characterized by a very high porosity which allows them to develop a 
large surface of contact with the external environme t (Ghasemi et al. 2016; Piai et al. 2019). The 
performance of this material is closely related to their chemical surface as well as their textures 
(Dasgupta et al. 2018). Hanafi and Azeema (2016), for example, have reported adsorption of nitrate 
onto carbon adsorbent with a very large surface area up to 2800 m2/g. Kalantary et al. (2016) show 
that synthetic activated carbon with magnetic nanoprticles can reduce an important amount of 
nitrate in water. Mazarji et al. (2017), reported applicable conditions for the modification of  
commercial activated carbon. These authors improve , these modifications improved the nitrate 
removal efficiency. Yuan et al. (2019) studied the effect of the structure of activated carbon on the 
adsorption of nitrate ions in aqueous solution. Mubita et al. (2019) show the importance of textural 
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properties on the adsorption of nitrate on carbon. Satayeva et al. (2019) evaluate the role of the 
surface chemistry and the pore size distribution of activated carbon for removing nitrate from water.  
In the adsorption process, many operating parameters such as initial pollutant concentration, 
adsorbent loading, pH, temperature, and contact time nfluence the process efficiency. The 
process’s efficiency may be developed by optimizing these factors (Gadekar and Ahammed 2019; 
Archin et al. 2019). In the classical method, optimization is usually carried out by varying a one 
variable while keeping all the other variables fixed at a specific set of conditions. This method is 
overwhelming while wide amount of variables considere  and requires large number of 
experiments. To overcome these limitations, research is being directed towards optimization all the 
affecting factors by statistical techniques such as response surface methodology (RSM). The 
application of RSM in adsorption process can improved product yields, reduced the number of 
experimental trials, evaluated the relative significance of variables and their interactions, build 
models, reduced development time and overall costs. Acharya et al. (2017) applied RSM to 
optimize the removal nitrates ions from a synthetic solution by electrocoagulation process. Three 
parameters named pH, electrolysis time and current were studied. The study showed that 
electrolysis time and current were the most significant variables that influenced the removal of 
nitrate from aqueous solution and the results suggest that the regression model has a good 
correlation with experimental data. Sabeti et al. (2019) investigated the effect of physical 
parameters on the removal of nitrate and phosphate by Chlorella Vulgaris by Response surface 
methodology (RSM). The results implied that the experimental values were in excellent agreement 
with those predicted by the proposed RSM models. Karam ti-Niaragh et al. (2019) conducted the 
investigations to study the influence of alternating current (AC) and direct current (DC) for nitrate 
removal efficiency by using a continuous electrocoagul tion (CEC) and designed the experiments 
5 
 
by response surface method. Four variables expected to affect nitrate removal were studied: initial 
nitrate concentration, inlet flow rate, current density and initial pH. The study clearly suggests a 
good accord between achieving results and the experimental data. Kuang et al. (2019) investigated 
the RSM to optimize the removal nitrate and its by-products by using electrochemical–adsorption 
(ECA) system. Three independent variables named iron particle, zeolite and current density were 
examined. The results showed that about 95% of initial nitrate was removed at the optimum 
conditions. Song et al. (2019) reported also on the inv stigations of the removal efficiency of nitrate 
and ammonia using RSM. 
The main goal of this work is to optimize and model the removal of nitrate from aqueous 
solution using adsorption process. Central Composite Design of response surface methodology is 
used as a tool to evaluate the effect of the process parameters such as initial pH, nitrate 
concentration, contact time, and mass of activated carbon on the efficiency of nitrate removal from 
synthetic solution. In addition, to perform the stati tical calculations, JMP software (John's 
Macintosh Project) is used. 
 
2. Experimental 
2.1 Materials and operating mode 
Activated carbon is used as adsorbent (Hydrodalco 300, Cabot Corporation). The results of  
ICP analysis of activated carbon are presented in Table 1. Sodium nitrate (NaNO3) from Merck was 
used as nitrate source. 
The experimental data were collected following the completion of 31 experiments. The 
experimental results of all coded and actual value factors for the adsorption of nitrate on activated 
carbon are shown in the Table 2. In each of these exp riments, we fixed, in turn, one of these 
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factors, namely the initial pH, initial nitrate concentration, mass of the activated carbon or contact 
time, and varied the other three at their levels. maxi um or minimum (see Table 3). 
The experimental results of all coded and actual value factors for the adsorbed quantity and 
the adsorption efficiency of the active carbon nitrate are also shown in the Table 3. All these 
experiments were carried out with 10 ml aqueous nitrate solution in 20 ml glass flasks with stirring 
of 280 rpm (see Figure 1). After been agitated for a predetermined time at room temperature, the 
suspensions were filtered through 0.45 µm Durapore membrane filters and the obtained filtrate 
solutions are analyzed by UV/vis spectrophotometer “Double PC (Model UVD-2950)” at the 
maximum absorption wavelength which was determined experimentally for nitrate (λ = 215 nm). 
The removal efficiency (%) and the amount adsorbed of nitrate by solid at time (t) were 
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  (2) 
 
where C0 and Ct are the initial and the final concentrations of the anions in solution (mg/L), V the 
solution volume (L), and W is the mass of activated carbon (g). 
 
2.2 Statistical analysis 
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Experimental design of the removal of −3NO  is carried out by using the RSM. In this study, 
the central composite design (CCD), which is a widely exploited model of RSM, is employed to 
optimize the adsorption of nitrates −3NO  onto activated carbon. Several variables affect the 
adsorption of these ions: initial concentration, pH, mass of activated carbon and contact time. The 
RSM is applied to evaluate the variables’ effect on the process and to determine the relationship 
between a set of these controllable experimental parameters. As such, RSM is an empirical 
modelling technique whereby, the main aim is to organize at best the tests that accompany scientific 
research or industrial studies. 
The actual design experiment is listed in Table 2. The low, middle, and high levels of each 
variable are designated as -2 (-α) and +2 (-α). 
 
Mathematical model 
The first step in RSM is to find a suitable approximation for the true functional relationship between 
the response  and the set of independent variables. 
The behaviour of the system is explained by the following second-degree polynomial formula: 
 
   (3) 
 
Where  is the theoretical response function, Xj is the coded variables of the system, and  ,  , 
  and   are the true model coefficients. The observed respon e yi  for the ith experiment is yi = 
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i + еi (еi: error). 
 
2.2.1 The central composite design 
For four variables and five levels, the total number of experiments was 31. In the present 
study, −3NO  removal efficiency (%) and Qad (mg/g) were considered as the responses studied. 
The coded factors using CCD is shown in Table 2. The CCD is chosen to optimize the 
adsorption process and to determine the regression model equations and operating parameters from 
the appropriate experiments. It is also an ideal design tool to find the optimum process of various 
factors.  
The thirty-one experiments are determined by the expressions: 2n (24 =8:Factor point), 2n 
(2×4=8 axial points) and 8 (center points: eight replications). The distance α is calculated so as to 
obtain rotatability.  4)1/4 = . 
The experimental variables Xi are coded as xi according to the following transformation 
equation: 
 
    (4) 
 
Where Xi is the uncoded value of the ith ndependent variable and xi is the dimensionless coded 
value of the ith independent variable, X0 is the value of Xi at the center point, and ∆X i is the step 
change value of the real variable. 
 
2.2.2 Validation of the model 
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In order to validate the model, a variance analysis study of the model is performed.  
Statistical analysis of the probability value according to the alpha risk is carried out to compare the 
experimental value with the theoretical value F (Fisher-Snedecor table).  
 
3. Results and discussion 
3.1 Effect of variables on Qads and efficiency 
Several factors such as pH, mass of activated carbon, c ntact time, and initial nitrate 
concentration influence the adsorption process of −3NO . By applying RSM, it is possible to 
optimize the controllable experimental factors and to evaluate the interactions of these parameters 
with a limited number of experiments. The initial nitrate concentration varies between 5 and 25 
mg/L. The mass of activated carbon is between 15 and 25 mg. The initial pH scale studied ranges 
between 3 and 7 and the contact time is between 40 and 100 min. The results included in Figure 2 
shows that the adsorbed quantity of nitrate increases and becomes stable when the initial 
concentration of −3NO increases. When the contentration of ion in the solution increases, the amount 
adsorbed on the activated carbon increases too. As the ion diffuses into the structure of the activated 
carbon, the number of pores for adsorption decreases. Consequentely, the increase in percentage 
removal may be due to the complete utilization of all active sites in the carbon adsorbent by nitrate 
anions. Furthermore, as shown in Figure 2, the amount adsorbed of nitrate decreases with the 
increase in the mass of adsorbent. At lower pH (pH < 5) the quantity adsorbed of ion nitrate 
increases, then increases with the pH. In the same way, the amount of −3NO  increases with the 
increase of contact time and remains constant after70 minutes as shown in Figure 2. Moreover, the 
results summarized in this figure shows the relationship between nitrate adsorption rate (mg/g) and 
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contact time for activated carbon. The figure also demonstrates that optimal pH is equal to 4 and 
contact time is equal to 70 minute for this absorbent. 
The main effects of each parameter on removal effeci ncy of −3NO  are given in Figure 2. It 
was observed that the optimum current initial concentration, pH of solution, and the contact time 
were near 15 mg/L, 4 and 70 minutes, respectively. Removal efficiency is independent of mass of 
adsorbent as shown in Figure 2. The adsorption process is rapid in the first 60 min and removal 
efficiency is high at pH = 4, as it will decline for higher pH. Actually, the increase uptake of nitrates 
anions onto activated carbon for low pH (pH ≤ 4) is due to the electrostatic interactions between th  
positive surface charge of activated carbon and the negative charge of nitrates. However, the 
adsorption of nitrates on activated carbon is carried out at different initial concentration of nitrate 
concentrations ranging from 5 to 25 mg/L. The evoluti n of the removal efficiency of −3NO  as a 
function of the initial concentration of nitrates isummarized in Figure 2. The efficiency of 
elimination of these anions increases from the initial concentration up to 15 mg/L then gradually 
decreases with the increase of concentration. This result is attributed to the availability of a large 
number of vacant sites initially for adsorption and the presence of high surface area of activated 
carbon, later because of the saturation of the pores, th  removal efficiency decreases. Furthermore, 




3.2 The second-order model and analysis of variance (ANOVA) 
As seen in Table 4, CCD is composed of two responses Y (adsorbed amount of −3NO  (Y1), 
and % removal efficiency of −3NO  (Y2)). Moreover, all the 31 experimental results of adsorption 
capacity and the removal efficiency of nitrate anions are included in Tables 2 and 4. The regression 
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equations given in equations 5 and 6 are obtained aft r the analysis of variance in terms of coded 
variables gives the Qads and efficiency removal: 
 
η qads = 5.1228571 – 1.1216667 X1 – 0.8775 X2 – 0.645 X3  – 0.14666 X4 + 0.1687 X1X2 – 1.0375 
X1X3 + 0.24375 X2X3 – 0.7175 X1X4 + 0.35125 X2X4 – 0.1425 X3X4 – 0.474048 X1X1 + 0.1884524  
X2X2 – 0.416548 X3X3  –  0.284048 X4X4    (5) 
 
η EFF =  85.437143 – 0.8225 X1 – 0.524167 X2 – 6.874167 X3 + 6.1758333 X4 + 7.385 X1X2 – 
15.0325 X1X3 + 2.26875 X2X3 – 13.65875 X1X4 + 6.265 X2X4 – 2.715 X3X4 – 8.651994 X1X1 + 
0.361756 X2X2 –  6.460744 X3X3  –  4.359494 X4X4   (6) 
 
The coefficients constituting the models corresponding to Equations 5 and 6 are reported in 
Tables 5 and 6. In order to infer the quadratic and interaction effect of the parameters, analyses are 
done by means of Fisher’s ‘F’ test and Student ‘t’ test. This means that the significant variables can 
be determinated based on the F value or P value. Normally, the low probability P value (also named 
“Prob. > |t|” value) and correspondingly the larger the magnitude of  F value, the more significant is 
the corresponding coefficient. The results of second- rder response surface model in the form of 
regression coefficient, F and P values for the separation factor and interaction effect of parameters 
are given in Tables 5 and 6 for the two responses Y1 and Y2. The P values are used  to check the 
significance of each of the parameters. Values of “Prob. > |t|” greater than 0.05 indicate the model 
terms are not significant. As seen in table 5, P value (Prob. > |t|) is very low (less than 0.0001) of all 
the variables initial concentration of −3NO , mass of adsorbent and pH, implying that these factors 
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are highly significant. Moreover, all interaction effect of the factors are considered as highly 
significant variables except the interaction between initial concentration and mass of adsorbent (P = 
0.2086) and the interaction between pH and contact time (P = 0.2849). However, it can be seen 
from Table 6 that for the removal efficiency of nitrate anions the P value of factors pH and contact 
time is low except in initial concentration (0.6752). The  mass of adsorbent (0.7891) is greater than 
0.1. That indicates that the pH and contact time are significant. Although, the values of “Prob. > |t| ” 
of the whole interactions of variables are less than 0.1, implying that most of these interactions are 
significant except the interaction mass of adsorbent-pH (0.3506) and the interaction between pH-
contact time (0.2668), which are less significant. 
In order to ensure the adequacy of the used model and the tested statistical significance of 
the ratio of mean square variation due to regression and mean square residual error, ANOVA is 
used.  
The P value is used as a tool to estimate if F statistics is large enough to indicate that most of 
the variation in the response can be explained by the regression model. In general, the high Fstatistics 
value represents high significance of the regression equation. The precision of a model can be 
checked by the determination coefficient (R2). The R2 values for percentage removal and adsorbed 
quantity of nitrates are 0.96 and 0.91 respectively, which is close to 1. This means that 96% and 
91% of sample variation are attributed to the independent variables and only 4% and 9% of the total 
variation cannot be explained by the empirical model. H nce, the lower P-value and the higher 
value of R2 obtained in this study for these response variables indicate that the second-order 
polynomial models (Eqs. (5) and (6)) are highly signif cant and adequate to represent the actual 
relationship between the response and variables. Therfore, the response surface model developed in 
the present study for removal efficiency and adsorbed amount of −3NO  is good. 
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In order to pre-classify the influencing variables and to study the effect of interaction 
between variables onto adsorption process of nitrates, the graphical representation is illustrated by 
PARETTO diagram (Figures 3 and 4). Considering the confidence interval of the values of the 
coefficients (delimited by the two vertical dashed lines), it can be stated that 60% has a negatif 
effect on the adsorption efficiency and adsorption capacity of −3NO . 
The analysis of the results obtained makes it possible to distinguish among the 14 
coefficients studied. Three of them that appear to be highly influential onto response Y1 (adsorption 
capacity qads), namely (see Figure 3) : i) Initial concentration (positive effect ), ii) Mass of adsorbent 
(negative effect), iii) Interaction between initial concentration and pH. Three parameters that appear 
much less influential are : i) Interaction of initial concentration-mass of adsorbent (positive effect), 
ii) Contact time (positive effect), iii) Interaction between pH and contact time (negative effect). 
However, it can be seen from Figure 4 (surface 2D response 2) the main effect of interaction 
of initial concentration-pH and the interaction betw en initial concentration and contact time are 
similarly negatively significant : i) Interaction of initial concentration-mass of adsorbent (positive 
effect), ii) Contact time (positive effect) , iii) Quantity adsorbed (qads). 
 
3.3 Validation of the model 
The experimental and predicted plots for percentage removal and adsorbed quantity of −3NO
 
ions by adsorption onto activated carbon are shown in Figure 5. The value of R2 is 0.91 for 
percentage removal as well as 0.96 for adsorbed quantity of −3NO  ions. From the results included in 
Figure 4 we can see a high correlation between the exp rimental values and the predicted values for 
the adsorbed amount of −3NO . Further, Figure 5 reveals the predicted response values of removal 
efficiency of nitrate anions are in accord with theexperimental values, which indicates that there are 
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tendencies in the linear regression fit, and the models proposed explain the experimental range 
studied adequately. However, the fitted regression equations show a good fit of the model. 
 
3.4 Response surface (contour) plots and optimization conditions 
Three-dimensional (3D) and contour (2D) plots for response surface are used to assess the 
relative effect of any two factors when the other remaining factors are held constant. Based on the 
regression equation, these representations are formed in order to understand the effects of variables 
onto responses and also to assess the change of the response surface. This means that the plots are 
derived from the quadratic models of Eqs (5) and (6). 
The interaction effect of process variables for removal efficiency and adsorbed quantity of 
−
3NO  by adsorption are visualized through three dimensional views of response surface plots and 
are shown in Figure 6. The combined effect of initial concentration and mass of adsorbent on 
percentage removal and adsorbed amount of −3NO  by adsorption process is shown in Figure 6, 
respectively. Thus, the surface and contour plots fr removal efficiency of −3NO in Figure 6 shows 
the interaction effect of initial concentration of nitrates and mass of adsorbent at fixed values of the 
contact time (time = 70 min ) and of the pH (pH = 4). This result shows that the response surface 
has a maximum point. Thereby, this contour plot indicates an increase in removal efficiency of 
nitrate in low concentration of nitrates value betwen 14 and 16 mg/L. To the contrary, working at 
low mass of adsorbent did not significantly affect the removal effeciency. 
Graphical 3D and 2D representations of the relationships between the dependent response 
(adsorbed quantity of −3NO ) and independent variables initial concentration and mass of adsorbent 
are presented in Figure 6. The relative effects of tw  variables (initial concentration of −3NO and 
mass of activated carbon) when pH value and contact time are kept constant are also included in 
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Figure 6. As shown in these Figure, the increase in initial concentration of −3NO  and the decrease in 
mass of adsorbent increases adsorbed capacity of nitrates.These representations demonstrate that the 
influence of mass of adsorbent is not significant. Al hough, when the initial concentration of −3NO  
increases the adsorption capacity of −3NO increases. 
The main objective of the optimization is to determine the optimum values of variables for 
removal efficiency of nitrate by adsorption process from the model obtained using experimental 
data. The optimization results of the process variables for complete removal of nitrate anions are 
shown in Table 7. As seen from the results included in the table, adsorption is an applicable 
technique for the complete removal of nitrates under reasonable operating conditions. 
The optimum values of the process variables for the maximum removal efficiency of nitrates 
anions are shown in Table. These results demonstrate th  the response surface methodology (RSM) 
is a powerful method for optimizing the operational conditions of the adsorption process to remove 
−
3NO  (Figure 7). 
 
4. Conclusions 
This study demonstrates that the elimination of nitrate ions, by adsorption on activated 
carbon, is effective in low nitrate concentrations. Further, it showed that response surface 
methodology (RSM), represented in the central composite rotatable design, is one of the suitable 
methods to optimize the operating conditions and maxi ize nitrate removal. Analysis of variance 
shows a high coefficient of determination value (R2 > 0.90), thus ensuring a satisfactory adjustment 
of the second-order regression model with the experimental data. The optimization of the models 
provides the optimum conditions at an initial pH = 4, 15 mg/L of initial concentration of −3NO , and 
70 min of contact time. Graphical response surface and contour plots are used to locate the optimum 
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Figure 1. Procedure for the adsorption on Nitrates onto Activated Carbon. 
Figure 2. Main effect plots of parameters for: (a) adsorption capacity of −3NO , (b) removal 
efficiency of −3NO . 
Figure 3. Graphical representation of the effects of factors on adsorption capacity of −3NO . 
Figure 4. Graphical representation of the effects of factors n removal efficiency of values of the 
linear and quadratic coefficients of the mathematical equations expressing the variation of adsorbed 
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Figure 5. The predicted values (%) plotted against experimental values (%) (a) adsorbed quantity of 
−
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−
3NO . The long dash line is the regression line with regression 
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coefficient R 0.96 for aadsorbed quantity of nitrate nd R 0.96 for removal efficiency of −3NO . 
Each point refers to the experiment number listed in Table 4. 
Figure 6. Surface and contour plots of estimated response surface : (a) adsorbed capacity of 
nitrates, (b) removal efficiency of nitrates (Contact time=70 min, pH=4). 
Figure 7. Response surface and contour Plot of removal effici ncy (%) and adsorption capacity 




Table 1. Chemical compositions of activated carbon by inductively coupled plasma mass 
spectrometry (ICP-MS). 
 
Elements C S SiO2 Al2O3 FeO3 CaO MnO TiO2 









Coded variables values Uncoded variables values Responses values 





Ci Weight pH Contact 
Time 
Ci Weight pH Contact 
Time 
1 26 -1 -1 -1 -1 20 30 6 50 2.4 48.19 
2 24 -1 -1 -1 1 10 30 6 50 4.8 96.08 
3 31 -1 -1 1 -1 20 20 6 90 3.95 79.16 
4 18 -1 -1 1 1 15 25 5 70 4.65 93.05 
5 13 -1 1 -1 -1 25 25 5 70 0.55 16.56 
6 30 -1 1 -1 1 20 30 4 90 2.47 74.39 
7 2 -1 1 1 -1 15 15 5 70 1.52 45.83 
8 19 -1 1 1 1 15 25 5 70 3.3 99 
9 16 1 -1 -1 -1 15 25 5 70 9.05 90.51 
10 23 1 -1 -1 1 15 25 5 70 6.8 68.07 
11 21 1 -1 1 -1 5 25 5 70 5 50 
12 3 1 -1 1 1 15 25 5 70 2.4 24.05 
13 27 1 1 -1 -1 10 30 4 50 5.67 85.09 
14 6 1 1 -1 1 15 25 5 70 5.8 87.04 
15 1 1 1 1 -1 15 25 5 70 3.24 48.64 
16 28 1 1 1 1 20 20 4 50 3.28 49.32 
17 11 -2 0 0 0 15 25 7 70 0.88 44.16 
18 5 2 0 0 0 10 20 6 90 5.9 59.06 
19 7 0 -2 0 0 10 30 6 90 8 80 
20 29 0 2 0 0 15 25 5 110 4.08 95.33 
21 25 0 0 -2 0 20 20 6 50 4.94 82.4 
22 17 0 0 2 0 15 25 5 30 2.3 38.35 
23 22 0 0 0 -2 20 20 4 90 3.8 63.48 
24 20 0 0 0 2 10 20 4 90 4.5 74.08 
25 4 0 0 0 0 15 25 3 70 5.87 97.97 
26 8 0 0 0 0 10 20 4 50 5.44 90.74 
27 9 0 0 0 0 20 30 4 50 4.33 72.22 
28 10 0 0 0 0 20 30 6 90 5.22 87.03 
29 12 0 0 0 0 15 35 5 70 4.8 80 
30 14 0 0 0 0 10 30 4 90 5.1 85 





Table 3. Experimental range and levels of independent process variables. 
  Coded variables X1 , X2 , X3 , X4* 
∆x 
Natural variables (xj) -2 -1 0 1 2 
 x1= initial Concentration 
(mg.L-1) 
5 10 15 20 25 5 
 x2= weight of adsorbent (mg) 15 20 25 30 35 5 
 x3= pH 3 4 5 6 7 1 
 x4= Contact time (min) 30 50 70 90 110 20 
*X 1=(x1 – 15)/5; X2 = (x2 – 25)/5; X3 = (x3 – 5)/1 and X4 = (x4 – 70)/20 
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Table 4. Experimental and theoretically predicted values for Qads and Efficiency removal of nitrate. 













2.4 3.227 -0.827 48.19 52.884 -4.694 
4.8 4.538 0.262 96.08 85.453 10.627 
3.95 3.81 0.14 79.16 70.093 9.067 
4.65 4.55 0.1 93.05 91.803 1.248 
0.55 -0.055 0.605 16.56 19.998 -3.438 
2.47 2.66 -0.19 74.39 77.628 -3.238 
1.52 1.502 0.018 45.83 46.283 -0.453 
3.3 3.648 -0.348 99 93.052 5.948 
9.05 8.703 0.347 90.51 93.852 -3.342 
6.8 7.144 -0.344 68.07 71.786 -3.716 
5 5.135 -0.135 50 50.931 -0.931 
2.4 3.006 -0.606 24.05 18.005 6.045 
5.67 6.095 -0.425 85.09 90.506 -5.416 
5.8 5.941 -0.141 87.04 93.5 -6.46 
3.24 3.503 -0.263 48.64 56.66 -8.02 
3.28 2.779 0.501 49.32 48.794 0.526 
0.88 0.923 -0.043 44.16 52.474 -8.314 
5.9 5.53 0.37 59.06 49.184 9.876 
8 7.632 0.368 80 87.933 -7.933 
4.08 4.122 -0.042 95.33 85.836 9.494 
4.94 4.747 0.193 82.4 73.343 9.058 
2.3 2.167 0.133 38.35 45.846 -7.496 
3.8 3.693 0.107 63.48 55.648 7.833 
4.5 4.28 0.22 74.08 80.351 -6.271 
5.87 5.123 0.747 97.97 85.437 12.533 
5.44 5.123 0.317 90.74 85.437 5.303 
4.33 5.123 -0.793 72.22 85.437 -13.217 
5.22 5.123 0.097 87.03 85.437 1.593 
4.8 5.123 -0.323 80 85.437 -5.437 
5.1 5.123 -0.023 85 85.437 -0.437 





Table 5. Estimated regression coefficients and corresponding F and P values for adsorption capacity of −3NO (Qads). 
Term Coefficient Standard error Sum of squares Report F Prob. > |t| Significance 
Constant 5.1228571 0.194698 - - <.0001 ***  
Initial concentration 1.1516667 0.105149 31.832067 119.9621 <.0001 ***  
Weight -0.8775 0.105149 18.48015 69.6441 <.0001 ***  
pH -0.645 0.105149 9.9846 37.6279 <.0001 ***  
Contact time 0.1466667 0.105149 0.516267 1.9456 0.1821 NS 
Initial concentration*Weight 0.16875 0.128781 0.455625 1.7171 0.2086 NS 
Initial concentration*pH -1.0375 0.128781 17.2225 64.9046 <.0001 ***  
Weight*pH 0.24375 0.128781 0.950625 3.5825 0.0766 *  
Initialnconcentration*Contact time -0.7175 0.128781 8.2369 31.0415 <.0001 ***  
Weight*Contact time 0.35125 0.128781 1.974025 7.4393 0.0149 *  
pH*Contact time -0.1425 0.128781 0.3249 1.2244 0.2849 NS 
Initial concentration*Initial concentration -0.474048 0.09633 6.426068 24.2172 0.0002 ***  
Weight*Weight 0.1884524 0.09633 1.015558 3.8272 0.0681 NS 
pH* pH -0.416548 0.09633 4.961703 18.6986 0.0005 ***  
Contact time*Contact time -0.284048 0.09633 2.307192 8.6949 0.0094 **  
***      : significant to 0.1 % (F0.001(1.16) = 16.12)  
**  : significant to 1 % (F0.01(1.16) = 8.53)   
*   : significant to 5 % (F0.05(1.16) = 4.49)  
NS   : not significant 
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Table 6. Estimated regression coefficients and corresponding F and P values for percentage removal of −3NO . 
Term Coefficient Standard error Sum of squares Report F Prob. > |t| Significance 
Constant 85.437143 3.567667 - - <.0001 ***  
Initial concentration(10.20) -0.8225 1.92676 16.2361 0.1822 0.6752 NS 
Weight(20.30) -0.524167 1.92676 6.594 0.074 0.7891 NS 
pH(4.6) -6.874167 1.92676 1134.1 12.7287 0.0026 **  
Contact time(50.90) 6.1758333 1.92676 915.382 10.2739 0.0055 **  
Initial concentration*Weight 7.385 2.35979 872.6116 9.7939 0.0065 **  
Initial concentration*pH -15.0325 2.35979 3615.6169 40.5803 <.0001 ***  
Weight*pH 2.26875 2.35979 82.3556 0.9243 0.3506 NS 
Initial concentration*Contact time -13.65875 2.35979 2984.9832 33.5023 <.0001 ***  
Weight*Contact time 6.265 2.35979 628.0036 7.0485 0.0173 *  
pH*Contact time -2.715 2.35979 117.9396 1.3237 0.2668 NS 
Initial concentration* Initial concentration -8.651994 1.765154 2140.5917 24.0252 0.0002 ***  
Weight*Weight 0.361756 1.765154 3.7422 0.042 0.8402 NS 
pH*pH -6.460744 1.765154 1193.6211 13.3968 0.0021 **  
Contact time*Contact time -4.359494 1.765154 543.4675 6.0997 0.0252 *  
***   : significant to 0.1 % (F0.001(1.16) = 16.12)  
**   : significant to 1 % (F0.01(1.16) = 8.53)   
*   : significant to 5 % (F0.05(1.16) = 4.49)  
NS   : not significant 
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Parameter Experimental value 
X1=Initial concentration(mg.L-1) 15 
X2=Mass of Adsorbent (mg) 25 
X3=pH 4 











Figure 2. Main effect plots of parameters for: (a) adsorptin capacity of −3NO , (b) removal 




Term Coefficient Pareto diagram Prob. > |t| 
Initial concentration(10,20)        1.1516667  <.0001* 
Weight(20,30) -0.8775  <.0001* 
Initial concentration*pH -1.0375  <.0001* 
pH(4,6) -0.645  <.0001* 
Initial concentration*Contact time -0.7175  <.0001* 
Initial concentration* Initial concentration -0.474048  0.0002* 
pH*pH -0.416548  0.0005* 
Contact time*Contact time -0.284048  0.0094* 
Weight*Contact time 0.35125  0.0149* 
Weight*Weight        0.1884524  0.0681 
Weight*pH 0.24375  0.0766 
Contact time(50,90)        0.1466667  0.1821 
 Initial concentration*Weight 0.16875  0.2086 
pH*Contact time -0.1425  0.2849 
 





Terme Estimation t ratio Prob. > |t| 
 Initial concentration*pH -15.0325 <.0001* 
Initial concentration*Contact time -13.65875 <.0001* 
Initial concentration* Initial concentration -8.651994 0.0002* 
pH*pH -6.460744 0.0021* 
pH(4.6) -6.874167 0.0026* 
Contact time(50.90) 6.1758333 0.0055* 
Initial concentration*Weight 7.385 0.0065* 
Weight*Contact time 6.265 0.0173* 
Contact time*Contact time -4.359494 0.0252* 
pH*Contact time -2.715 0.2668 
Weight*pH 2.26875 0.3506 
 Initial concentration(10.20) -0.8225 0.6752 
Weight(20.30) -0.524167 0.7891 
Weight*Weight 0.361756 0.8402 
 
Figure 4. Graphical representation of the effects of factors on removal efficiency of values of the 
linear and quadratic coefficients of the mathematical equations expressing the variation of adsorbed 





Figure 5. The predicted values (%) plotted against experimental values (%) (a) adsorbed quantity of 
−
3NO  (b) removal efficiency of 
−
3NO . The long dash line is the regression line with regression 
coefficient R 0.96 for aadsorbed quantity of nitrate nd R 0.96 for removal efficiency of −3NO . 







Figure 6. Surface and contour plots of estimated response surface : (a) adsorbed capacity of 








Figure 7. Response surface and contour Plot of removal efficincy (%) and adsorption capacity 
(Qads) according to the optimized parameters. pH = 4. Contact time = 70 min. 
 
